An ejector system is to be designed in order to pump out the gasses from low pressure to ambient conditions. 
INTRODUCTION
Upper stage rocket motor testing is the most vital, difficult and involves a lot of complexity. The decrease in the atmospheric pressure at higher altitudes affects the performance of launch vehicles. Selection of perfectly suitable fluid dynamic system to pump out the exhaust gases to the ambient at higher altitudes is the most complicated process. As Supersonic exhaust diffusers use the momentum of the exhaust gas to reduce the back
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Impact Factor (JCC): 6.8765 NAAS Rating: 3.11 pressure, they can be considered as the most promising alternative for pumping out the exhaust gases in high altitude test facility. In general, two types of supersonic exhaust diffusers with zero secondary flow injection are used in high test facilities; one being the constant area duct type or the Straight Cylindrical Exhaust Diffuser and the other one is the variable area duct or the Second Throat supersonic Exhaust Diffuser.
Most of the studies carried out the flow through the convergent divergent nozzle by using a finite volume rewarding code with energy equation, K epsilon viscous model [1] . The increase in the velocity, and decrease in the pressure and temperature are observed all through the Nozzle. Convergent divergent nozzle can show better performance than bell nozzle, dual bell nozzle and expandable nozzles [2] . Mach number initially decreases and then increases with the increase in the divergence angle [3] for the supersonic flow in conical nozzle for Mach number 3 at constant throat and inlet diameters. It is also observed that the flow to be super-sonic at exit, decrease in the pressure, increase in the velocity and increase in radial velocity from inlet to outlet is identified during the analysis of dual bell rocket nozzle. Researches published that the best nozzle performance is obtained for nozzle with 11degrees angle of divergence for both air and gas [4, 5] . So the nozzle of 11degrees is the best nozzle to accelerate the flows up to supersonic mach speeds. During simulation analysis on a convergent divergent nozzle k-model receives higher average values of Mach number in contrast to k-model [6] . Further fluid properties are largely dependent on the cross section of the nozzle which greatly affects the fluid flow [7] . Computational Fluid Dynamic (CFD) simulation results are almost identical to those obtained theoretically [8, 9] . Recent publications report that the continuous increase of nozzle area ratio of satellite launch vehicles for getting the optimum expansion during the mission will contribute up to 20 % of thrust augmentation at low altitudes [10] . When the Flow is from converging nozzle to suddenly expanded circular duct of larger cross-sectional area than that of nozzle exit area, it is found that as the NPR increases, the effect on base pressure is marginal for NPRs up to 2.5;
however, at NPR 3 there is a sudden decrease in the base pressure [11] and the viscosity accounts to loss in momentum [12] . It is found that the nozzle-rotor interaction losses can be decreased by selecting appropriate length of axial clearance [13] [14] [15] . The CFD model fails to converge if the grid quality is poor and the complexity of the flow near the stagnation region is high [17, 18] . The concept of design of the air ejector is presented in detail with various correlations as mentioned in [19] . The compressible fluid flow computational analysis methodology is presented in detail with the turbulence modeling and numerical analysis in [20] .
PROBLEM BACKGROUND
An ejector system is designed for the connect pipe facility. The Connect pipe test facility was preliminarily planned with 7.1 kg/s. of Air ejector to simulate 20km altitude condition. During main design phase, with the available theoretical models it was calculated that around 15 kg/s of air is required to simulate 20km altitude.
The methodology in calculating the nozzle physical parameters using the correlations mentioned from equations
(1) to (5) is described in [19] .
Plenum chamber-diffuser-ejector systems are required for high altitude rocket motor test facilities. A 1D Fluid dynamic model was developed to pump out the rocket exhaust from 50 mbar at 20 km altitude to atmospheric condition of (1) 
METHODOLOGY
The analysis is carried out both with the mathematical and the Computational Fluid Dynamics simulation.
Methodology for Numerical Analysis
The flow of the fluid through air ejector is always more unsteady and turbulent which further makes the design more complicated. For all turbulent flows the governing equations are the unsteady Navier Stokes equations. But those equations are very much difficult to solve. The following are the governing equations in tensor notation for understanding the basic nature of the equation.
Energy equation is given by
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The main disadvantage in solving N-S equations is computing. This is due to the reason that to represent even very small scale of velocity and pressure fluctuations using N-S equations temporal resolution is required as the N-S equations are spatial fineness equations. Further the accuracy and resolution of the scheme reduces due to the increase in accumulative rounding off value errors because of the increase in grid points to achieve fine meshes. Hence more accurate schemes are required to achieve the solutions of turbulence models with highest resolution. One such numerical scheme which can effectively solve the turbulence problems is Reynolds Averaged Navier-Stokes (RANS) equations.
Reynolds Averaged Navier-Stokes (RANS) Equations
The transport equations should be modified by introducing the components with averaged and fluctuating Consequently, the computational effort to solve RANS equations is very less when compared to other schemes.
Governing equations for turbulence models
As discussed in the earlier articles, due to the involvement of more unknown parameters in the modelling of turbulent problems, the accuracy of the model becomes very much difficult and leads to erroneous results. Hence it is required to develop a numerical procedure to close or converge the system of equations. One such two equations category turbulence model is K-epsilon model.
K-Epsilon Models
In this model the velocity of the turbulent flow and the length scales are independently calculated using two different equations. The basic model is the standard k-epsilon model. The velocity of the turbulence can be calculated by forming a model for the corresponding kinetic energy using the following equation (5) The length scale is represented by ε which is the rate of dissipation and can be calculated from the equation (6) Where represents the turbulence kinetic energy due to the mean velocity gradients, represents the turbulence kinetic energy due to buoyancy and represents the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate.
Standard k-Model

RESULTS AND DISCUSSIONS
2D Axis-symmetric model has been considered for single stage ejector system CFD simulation. Plenum chamber has been simplified to a small volume region for sake of convergence. A large volume dome atmosphere has been modeled at the exit of mixing chamber to simulate the atmosphere at 1 bar. The geometric model has been prepared in AutoCAD then meshing, Boundary condition definitions, solver settling and solution has been carried out using ANSYS Cfx. To study the performance of the ejector, the cell pressure and diffuser pressure recovery are to be recorded.
Effect of Exit Pressure on Pressure for Cold Fluid during Flow
The inlet temperature of fluid is taken as 300K.
By varying the exit pressure of fluid in a CD nozzle the pressure contours are developed and the pressures are approximately identified by using the colour coding along the pressure scale. Accurate results can be obtained by using probe at a specified location. The results are plotted on graph for understanding parametric effect 
Effect of Exit Pressure on Mach for Cold Fluid during Flow
The inlet temperature of fluid is taken as 300K. By varying the exit pressure of fluid in a CD nozzle the mach contours are developed and the mach values are approximately identified by using the colour coding along the mach scale.
Figure 5: Mach Contour at 30mbar Exit Pressure
Mach contour has been developed at 30mbar exit pressure. Mach number at throat is 0.707 and then it has been increased to 4.228 at the exit of the CD nozzle due to the divergent portion which results in increase in velocity.
Figure 6: Mach Contour at 40mbar Exit Pressure
Mach contour has been developed at 40mbar exit pressure. Mach number at throat is observed to be 0.773 and it has been increased to 4.162 at the exit of CD nozzle.
Figure 7: Mach Contour at 50mbar Exit Pressure
Mach contour has been developed at 50mbar exit pressure. Mach number at throat is 0.676 and it is observed that is has risen up to 4.01 by the time it reaches the exit of the CD nozzle.
By considering all the values of mach numbers with respect to exit pressures, the tab analysis. Variation of mach number for cold fluid at vario The results are plotted on graph for understanding p
Figure 8: Variation of Mach number
From figure 8 it is evident that the mach number increases with decrease in exit pressure of the CD nozzle.
Effect of Exit Pressure on Temperature for Cold Fluid
temperature contours are developed and the temperatures are approximately identified by using the colour coding along the temperature scale.
Figure 9
Temperature contour has been developed at 30mbar exit pressure. Temperature at throat is found to be 269.96 K and it is greatly reduced up to 63.2 K at the exit of the CD nozzle.
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By considering all the values of mach numbers with respect to exit pressures, the tab The results are plotted on graph for understanding parametric effect shown in Figure   number at Inlet, Throat and Exit of CD Nozzle Due to 8 it is evident that the mach number increases with decrease in exit pressure of the CD nozzle.
Temperature for Cold Fluid during Flow
The inlet temperature of fluid is taken as 300K. By varying the exit pressure of fluid in a CD nozzle the temperature contours are developed and the temperatures are approximately identified by using the colour coding along the
9: Temperature Contour at 30mbar Exit Pressure
e contour has been developed at 30mbar exit pressure. Temperature at throat is found to be 269.96 K and it is greatly reduced up to 63.2 K at the exit of the CD nozzle.
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By considering all the values of mach numbers with respect to exit pressures, the table 3 is plotted for further   us exit pressures are tabulated in table 2 Various Exit Pressures ure.8
Change in Exit Pressure
8 it is evident that the mach number increases with decrease in exit pressure of the CD nozzle. Temperature contour has been developed at 50mbar exit pressure. The temperature at throat is 274.88 K and it has been reduced to 71.13 K by the moment it reaches the exit of the CD nozzle.
The table 4 is generated by taking all the parameters of pressure and temperature in to consideration for better analysis. Variations of temperature number for cold fluid at various exit pressures are tabulated: The results are plotted on graph for understanding parametric effect shown in Figure. 12
Figure 12: Variation of
From figure 12 it is evident that the temperature increases with increase in exit pressure of the CD nozzle due to the collision of fluid molecules under the effect of back pressure.
Effect of Exit Pressure on Pressure for
The inlet temperature of fluid is taken as 1250K.
By varying the exit pressure of fluid in a CD nozzle the pressure contours are developed and the pressures are approximately identified by using the colour coding along the pressure scale.
Figure
Pressure contour has been developed at 30mbar exit pressure. The pressure at throat is observed to be 5.585 bars and it has been reduced to 30 mbar due to the effect of divergent portion.
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Variation of Inlet, Throat and Exit Temperatures of a CD Nozzle with Change in Exit Pressure
12 it is evident that the temperature increases with increase in exit pressure of the CD nozzle due to the collision of fluid molecules under the effect of back pressure.
for Hot Fluid during Flow
By varying the exit pressure of fluid in a CD nozzle the pressure contours are developed and the pressures are approximately identified by using the colour coding along the pressure scale. The results are plotted on graph for understanding parametric effect shown in Fig.16 . From figure 5.16 it is evident that the inlet pressure increases with decrease in exit pressure of the CD nozzle. Also, it is observed that the throat pressure decreases with increase in exit pressure of the nozzle. 
Effect of Exit Pressure on Temperature
temperature contours are developed and the temperatures are approximately identified by using the colour coding along the
Numerical Investigations for the Effect of Cold and Hot Air on Various Parameters of Higher Altitudes
Mach contour has been developed at 50mbar exit pressure. Mach number at throat is observed to be 0.676 and it has been increased to 4.01 at the exit of CD nozzle.
is generated by taking all the parameters of pressure and mach number in to consideration for better The results are plotted on graph for understanding parametric effect as shown in Temperature contour has been developed at 50mbar exit pressure. The temperature at throat is 1145.35 K and it has been reduced to 296.39 K by the moment it reaches the exit of the CD nozzle.
Numerical Investigations for the Effect of Cold and Hot Air on Various Parameters of Flow through A Super Sonic Nozzle at Higher Altitudes www.tjprc.org
The table 7 is generated by taking all analysis. Variation of temperature number for hot fluid at vario The results are plotted on graph for understanding p 
Effect of Temperature on the Pressure
The exit pressure of the fluid is taken as 50mbar with the inlet temperatures of 300K and 1250K.
developed as shown in the figures Fig.3 
Table 8: Pressure at Inlet
At inlet temperature of 300K At inlet temperature of 1250K
The results are plotted on graph for understanding p
Figure 25: Variation of Change
Numerical Investigations for the Effect of Cold and Hot Air on Various Parameters of Higher Altitudes
is generated by taking all the parameters of pressure and temperature in to consideration for better The results are plotted on graph for understanding parametric effect shown in Figure
Variation of Temperature at Inlet, Throat and Exit CD Nozzle with Change in Exit Pressure for a hot Fluid
24 it is evident that the temperature increases with increase in exit pressure of the CD nozzle du the collision of fluid molecules under the effect of back pressure.
Pressure for Exit Pressure of 50mbar during Flow
ures 
Various Exit Pressures
ure.24
Exit of a Fluid
24 it is evident that the temperature increases with increase in exit pressure of the CD nozzle due to
The exit pressure of the fluid is taken as 50mbar with the inlet temperatures of 300K and 1250K. The contours are nlet temperatures are tabulated in table 8
Different Inlet Fluid Temperatures at 50mbar
Exit Pressure (bar) 0.516 0.05163
Nozzle with Exit Pressure
From figure 25 it is concluded that the inlet and exit pressures remained same, but due to raise in temperature of inlet fluid temperature throat pressure is increased.
Effect of Temperature on the Mach for
The exit pressure of the fluid is taken as 50mbar with the inlet temperatures of 300K and 1250K. The results are plotted on graph for understanding parametri 
Effect of Temperature on the Temperatures
The exit pressure of the fluid is taken as 50mbar with the inlet temperatures of 300K and 1250K. The results are plotted on graph for understanding p concluded that temperature of the inlet fluid reduces to a greater extent. The rate of decrease of temperature is directly
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25 it is concluded that the inlet and exit pressures remained same, but due to raise in temperature of luid temperature throat pressure is increased.
for Exit Pressure of 50mbar during Flow
The exit pressure of the fluid is taken as 50mbar with the inlet temperatures of 300K and 1250K. The results are plotted on graph for understanding parametric effect shown in Fig.26 
Variation of Mach number at Inlet, Throat and Exit Temperature of Inlet Fluid at 50 mbar exit pressure
26 it is well observed that there is no appreciable change in mach number with raise in fluid inlet
Temperatures for Exit Pressure of 50mbar during Flow
The exit pressure of the fluid is taken as 50mbar with the inlet temperatures of 300K and 1250K. The results are plotted on graph for understanding parametric effect shown in Fig.28 
Variation of Pressure at Inlet, Throat and Exit of a CD Nozzle in Inlet Temperature of Fluid at 40 mbar Exit Pressure
28 it is observed that the inlet and exit pressures does not differ much in their magnitude but, the throat pressure is higher for the fluid with higher inlet fluid temperature. 
Effect of Temperature on the Temperatures
The exit pressure of the fluid is taken as 40mbar with the inlet temperatures of 300K and 1250K. The results are plotted on graph for understanding p concluded that temperature of the inlet fluid reduces proportional to the inlet fluid temperature.
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The exit pressure of the fluid is taken as 40mbar with the inlet temperatures of 300K and 1250K.
n the figures Fig.6 The results are plotted on graph for understanding parametric effect shown in Fig.29 Variation 
CONCLUSIONS
This project is carried out with boundary conditions of inlet pressure 7.59bar, exit pressure 1050 mbar for CD nozzle. After performing flow analysis with ANSYS Cfx, the following conclusions are made.
• Pressure of fluid decreased and Mach is increased along the flow which facilitates the entrainment of low pressure exhaust gases with the high pressure motive air.
• Further no other fluid is used for the mixing of the fluids to increase the pressure of entrained exhaust gases to the ambient.
• Considerable decrease in the analysis time for convergence is also observed.
• Greater decrease in temperature of the inlet fluid is observed and th proportional to the inlet fluid temperature. So, ejector system can be used in refrigeration systems namely Ejector Expansion Refrigeration System.
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